Background {#Sec1}
==========

Pneumothorax is an abnormal collection of air in the pleural cavity resulting in lung collapse. Primary spontaneous pneumothorax (PSP) is not associated with any underlying lung disease and mainly occurs in young people. The incidence of PSP is 7.4--18 per 100,000 per year in males and 1.2--6 per 100,000 per year in females \[[@CR1], [@CR2]\].

Patients generally present with a sudden onset of chest pain with or without breathlessness. However, asymptomatic PSP is sometimes found on chest X-rays. Because PSP in some cases resolves spontaneously, asymptomatic PSP may develop and resolve in healthy individuals without being detected. In this study, we analyzed the incidence, characteristics, and risk factors of asymptomatic PSP detected during regular medical check-ups in university students.

Methods {#Sec2}
=======

We examined chest X-rays performed during medical check-ups for students at the University of Tokyo between April 2011 and March 2016. Two physicians interpreted the radiographs independently, and pulmonologists confirmed the reports. We calculated the lung collapse rate of pneumothorax using Kircher's method \[[@CR3]\]. Rectangles were drawn from reference points to demarcate the outlines of the hemithorax and collapsed lung, and a percentage of pneumothorax is derived by subtracting the respective areas. Pneumothorax was classified into three groups using thresholds of 10% and 20% lung collapse.

We also analyzed characteristics inspected during medical check-ups, including age, body height, body weight, blood pressure, biochemical and urine tests, and electrocardiogram and respiratory symptoms. Height growth per year was calculated using body height from the present and the previous years. Students with pneumothorax who complained of any symptoms during the checkup were not included in the asymptomatic PSP group, although those who retrospectively recalled symptoms before the checkup were included.

This study was approved by the Institutional Review Board of the University of Tokyo (the approval number 14--71).

Statistics {#Sec3}
==========

We used the chi-square test to compare students' characteristics between the two groups and the Z-test to compare the asymptomatic PSP group to the whole student group. Multivariable logistic regression analysis was used to assess the association between students' characteristics and asymptomatic PSP using a generalized estimation equation. The threshold for significance was a *p* value of \<0.05 or an absolute z value of \>1.96.

We performed all statistical analyses using SPSS version 22.0 (IBM SPSS Inc., Armonk, NY, USA).

Results {#Sec4}
=======

A total of 101,709 chest X-rays were performed (78,678 males and 22,851 females), and 43 cases (0.042%) of asymptomatic PSP were detected (39 males and 4 females). None of them had underlying lung disease. The incidence of asymptomatic PSP in male students was 0.050%, which was significantly higher than that in female students (0.018%) (Table [1](#Tab1){ref-type="table"}).Table 1Incidence of asymptomatic PSP (APSP) among the university studentsAll case(%)APSP(%)*p*-valueTotal students101,529(100.0%)43(0.042%)Sex Male78,678(77.5%)39(0.050%)0.043\* Female22,851(22.5%)4(0.018%)*APSP*: asymptomatic primary spontaneous pneumothorax\*: *p* \< 0.05

Table [2](#Tab2){ref-type="table"} shows the characteristics of students. Among male students, those with asymptomatic PSP were significantly younger compared with the average age of all male students. The average body height was significantly higher, and the average values of body weight and body mass index (BMI) were significantly lower in male students with asymptomatic PSP. We calculated height growth per year using body height from the present and the previous years, and the average height growth in the asymptomatic PSP group was significantly greater than that in all male students (0.62 ± 0.11 cm/year vs 0.21 ± 0.00 cm/year). There was no significant difference in systolic or diastolic blood pressure, but the average pulse rate was significantly higher in male students with asymptomatic PSP compared with that of all male students. As for female students, students with asymptomatic PSP had significantly greater height growth per year compared with the average height growth of all female students (1.13 ± 0.20 cm/year vs 0.17 ± 0.01 cm/year).Table 2Characteristics of students with asymptomatic PSP (APSP)All caseAPSP*N*MeanSEM*N*MeanSEMz-valueMale Age78,67822.110.013920.230.69−3.20\* BH (cm)78,081172.190.0239174.050.981.98\* BW (kg)78,08162.950.033956.581.05−4.12\* BMI78,08121.210.013918.660.29−5.46\* BH change (cm/year)43,7690.210.00340.620.113.59\* sBP (mmHg)78,646119.930.0539116.261.83−1.71 dBP (mmHg)78,64666.420.033966.031.31−0.28 PR (/min)76,06074.350.053979.362.592.30\*Female Age22,85123.040.03424.754.210.74 BH (cm)22,642159.690.044164.400.511.72 BW (kg)22,64151.030.05450.802.84−0.07 BMI22,64119.990.02418.800.93−1.01 BH change (cm/year)12,0030.170.0131.130.202.75\* sBP (mmHg)22,837107.110.084101.754.23−0.91 dBP (mmHg)22,83661.930.05459.255.41−0.67 PR (/min)22,24477.740.08478.006.180.04*APSP* asymptomatic primary spontaneous pneumothorax, *BH* body height, *BW* body weight, *BMI* body mass index, *sBP* systolic blood pressure, *dBP* diastolic blood pressure, *PR* pulse rate\*: \|z\| \> 1.96

During the 5 years between the ages of 18 and 23 years, mean body height increased from 171.4 ± 0.1 cm to 172.5 ± 0.1 cm in male students and from 158.8 ± 0.1 cm to 160.0 ± 0.1 cm in female students (Additional file [1](#MOESM1){ref-type="media"}: Figure S1). During the 5 years between the ages of 23 and 28 years, there was little to no change in mean body height. However, there was only a low correlation between individual height growth and age (*r* = −0.2375). Therefore, we included both age and height growth as independent variables in the multivariate analysis.

There were no differences in biochemical test results between the asymptomatic PSP group and all students (Additional file [2](#MOESM2){ref-type="media"}: Table S1). As for urinary tests, only one student with asymptomatic PSP had proteinuria, and none of the students with asymptomatic PSP had abnormal echocardiogram findings (data not shown).

Results of the multivariable logistic regression analysis of factors associated with asymptomatic PSP in male students are listed in Table [3](#Tab3){ref-type="table"}. Asymptomatic PSP was associated with younger age, greater body height, and lower BMI. It was also associated with greater body height growth (odds ratio, 1.864; 95% confidence interval, 1.248--2.783; *p* = 0.002). We did not perform the analysis in female students because of the small number of asymptomatic PSP cases.Table 3Multivariable logistic regression analysis for asymptomatic PSPMaleOdds Ratio95% CI*p*-valueage0.7580.6030.9530.018\*BH1.0651.0021.1320.042\*BMI0.6090.5110.725\<0.001\*\*\*BH change1.8641.2482.7830.002\*\**BH* body height, *BW* body weight, *BMI* body mass index**\***: *p* \< 0.05, \*\*: *p* \< 0.01, \*\*\*: *p* \< 0.001

We calculated the lung collapse rate in pneumothorax and classified pneumothorax into three groups using thresholds of 10% and 20% lung collapse. The mild group (22 cases) showed less than 10% lung collapse, the moderate group (12 cases) showed 10% to 20% lung collapse, and the severe group (9 cases) showed lung collapse of 20% or more.

The following are representative cases. Case 1: a 20-year-old male student underwent a chest X-ray during a medical checkup and left pneumothorax (lung collapse rate 3.9%) was detected (Fig. [1](#Fig1){ref-type="fig"}). We informed the patient and he consulted with a clinic 9 days later, and a follow-up chest X-ray confirmed that pneumothorax had already resolved. He had no respiratory symptoms and was a never-smoker. He had a history of previous left PSP.Fig. 1Case 1: A 20-year-old man. Left pneumothorax: lung collapse rate 3.9%

Case 2: a 24-year-old man underwent a medical checkup without any symptoms. Left pneumothorax (lung collapse rate 66.7%) was detected on a chest X-ray (Fig. [2](#Fig2){ref-type="fig"}). We called the patient the same day; he was hospitalized and underwent chest drainage and surgical treatment. He was a never-smoker and had no history of previous PSP.Fig. 2Case 2: A 24-year-old man. Left pneumothorax: lung collapse rate 66.7%

Case 3: a 19-year-old male student had a chest X-ray in a medical checkup without any respiratory symptoms. Left pneumothorax (lung collapse rate 5.7%) was detected (Fig. [3a](#Fig3){ref-type="fig"}). We informed the patient, he consulted with a clinic 3 days later, and it was confirmed that that pneumothorax had spontaneously healed (Fig. [3b](#Fig3){ref-type="fig"}). However, it relapsed 10 days later (Fig. [3c](#Fig3){ref-type="fig"}), and he was hospitalized and underwent surgical treatment. He was a never-smoker and had no history of previous PSP.Fig. 3Case 3: A 19-year-old man. **a** Left pneumothorax: lung collapse rate 5.7%. **b** 3 days later. Improved spontaneously. **c** 13 days later. Relapsed: lung collapse rate 63.3%

The characteristics of asymptomatic PSP are summarized in Table [4](#Tab4){ref-type="table"}. Patients in the severe group were significantly more likely to have pleural effusion, but there was no difference in laterality or the existence of previous PSP. Among the 43 students, 5 recalled some symptoms after the detection of asymptomatic PSP. Four students had chest pain before the medical checkup, but it had disappeared by the checkup and they did not mention it. One student had no symptoms on the day of the checkup, but he developed a cough a few days later. Another few days passed until asymptomatic PSP was detected on his chest X-ray. There was no correlation between these symptoms and the severity of lung collapse. As for therapy, patients with severe pneumothorax did not have a significantly higher rate of invasive therapy. In contrast, more than one third of patients in the mild or moderate group eventually needed invasive therapy (Table [4](#Tab4){ref-type="table"}, Additional file [3](#MOESM3){ref-type="media"}: Figure S2). Among these patients, there were two cases with recurrence within 2 weeks after spontaneous resolution.Table 4Comparison among different severity levels of asymptomatic PSPTotalMildModerateSevere*n* = 22(%)*n* = 12(%)*n* = 9(%)*p*-valueRight or leftright239(40.9%)9(75.0%)5(55.6%)0.161left2013(59.1%)3(25.0%)4(44.4%)Pleural effusion(−)3020(90.9%)9(75.0%)1(11.1%)\<0.001\*\*\*(+)132(9.1%)3(25.0%)8(88.9%)Previous pneumothorax(−)3215(68.2%)9(75.0%)8(88.9%)0.486(+)117(31.8%)3(25.0%)1(11.1%)Recalled symptom(−)3820(90.9%)10(83.3%)8(88.9%)0.804(+)52(9.1%)2(16.7%)1(11.1%)Therapyconservative1811(50.0%)5(41.7%)2(22.2%)0.452invasive188(36.4%)4(33.3%)6(66.7%)N/A73(13.6%)3(25.0%)1(11.1%)\*\*\*: *p* \< 0.001

Discussion {#Sec5}
==========

Medical check-ups revealed 43 cases (0.042%) of asymptomatic PSP among 101,709 chest X-rays. The incidence is comparable to the annual incidence of conventional PSP in men (0.007%--0.018%) \[[@CR1], [@CR2]\], suggesting that asymptomatic PSP may develop in a healthy population more often than previously believed. The predominance of males presenting with asymptomatic PSP is consistent with conventional PSP \[[@CR4], [@CR5]\]. The incidence of PSP detected during medical check-ups was reported to be 0.003%--0.033% in the previous studies on a relatively small number of chest X-rays \[[@CR6], [@CR7]\]. The relatively high incidence in our study is partly explained by the fact that the medical check-ups were performed on university students, who are a younger population. Another explanation may be the clustering of PSP because of changes in atmospheric pressure \[[@CR8]\] or levels of air pollution \[[@CR9]\]. However, 5 year research period should minimize the impact of these effects.

Characteristics of asymptomatic PSP are similar to those of conventional PSP \[[@CR4], [@CR5]\]. Male students with asymptomatic PSP were likely to be younger, taller, and thinner compared with the average measurements for all male students. More interestingly, their height growth per year was likely to be greater. Multivariable logistic regression analysis also revealed that asymptomatic PSP was associated with younger age, greater body height, lower BMI, and greater body height growth. Among these, greater height growth has not previously been reported as a risk factor for PSP. It is possible that rapid height growth increases the gradient of negative pleural pressure, but lungs are still immature and easily develop subpleural blebs. Furthermore, although they had no symptoms, male students with asymptomatic PSP showed increased pulse rates. Rapid pulse rates could be the only sign of asymptomatic PSP. However, the difference is too small for differential diagnosis. The small number of cases in female students made statistical analysis difficult, but female students with asymptomatic PSP also showed greater body height growth.

There is reportedly a poor correlation between pain intensity and pneumothorax size \[[@CR10], [@CR11]\]. Therefore, it was not surprising that 9 of 43 (20.9%) asymptomatic PSP cases showed lung collapse of 20% or more. But it should be emphasized that there was no significant correlation between the prognosis and the severity of asymptomatic PSP, although patients with severe PSP tended to undergo invasive treatment. O'Rourke and Yee reported that up to 80% of pneumothorax cases with collapse of less than 15% volume of the lung will have no persistent air leak and recurrence when managed with observation alone \[[@CR12]\]. In our study, however, more than one third of patients with mild or moderate lung collapse eventually underwent the invasive therapy. Furthermore, some patients had a recurrence within 2 weeks of a recovery. Careful follow-up is very important because observation alone may not be sufficient for the treatment of asymptomatic PSP.

Several limitations of this study should be acknowledged. First, tobacco smoking, which is an important risk factor for PSP \[[@CR2]\], was not included in this analysis because we do not have the smoking rate for university students. However, among the 43 students with asymptomatic PSP, only one was a current smoker and one was an ex-smoker. The smoking rate of students with asymptomatic PSP was not high compared with that of males in their twenties in Japan (about 30%) \[[@CR13]\]. Second, most cases of asymptomatic PSP, especially mild or moderate cases, were detected a few days after the medical checkup, and the follow-up observation was sometimes insufficient. Immediate radiographic image interpretation is desirable.

Conclusions {#Sec6}
===========

The prevalence of asymptomatic PSP among university students was not negligible (0.042%). Younger age, greater body height, lower BMI, and greater height growth were risk factors for asymptomatic PSP. Because the severity of asymptomatic PSP was not correlated with the prognosis, careful follow-up observation is essential.
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Additional file 1: Figure S1.The average body height at each age. During the 5 years between the ages of 18 and 23 years, mean body height increased both in male and female students. During the next 5 years, however, there was little to no change in mean body height. (PPT 301 kb) Additional file 2: Table S1.Biochemical examinations of students with asymptomatic PSP (APSP). There were no differences in biochemical test results between the asymptomatic PSP group and all students. (DOCX 16 kb) Additional file 3: Figure S2.The lung collapse rate and therapy in each case. The severity of asymptomatic PSP was not correlated with the prognosis. (PPT 255 kb)
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